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(57)Abstract: 

PROBLEM TO BE SOLVED: To properly extract an area, 
which corresponds to the face of a person, in a color 
original picture with a high accuracy. 
SOLUTION: A color original picture as shown by (A) is 
divided into picture elements, and they are decomposed 
to plural component colors, and photometry is 
performed. Based on the result, it is discriminated 
whether the hue of each picture element is included in 
the range of flesh color or not to divide the original 
picture into a flesh color area (indicated by hatching) 
and the other area as shown in (B), and edges in the 
original picture are detected to classify respective parts 
in the original picture into edge parts (indicated by thick 
lines) and the other parts as shown in (C). Areas which 
are placed in the flesh area and consist of picture 
elements classified to parts other than edge parts and 
are surrounded with picture elements judged to be the 
edge parts are extracted as face candidate areas 
(indicated by hatching in different manners) as shown in 

(D), and it is discriminated whether each extracted face candidate area is the area corresponds 
to the face of the person or not. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Decompose the a large number part on a color subject-copy image into two or more 
component colors, measure the strength of the light, and it judges whether the hue in each part 
on the subject-copy image which the data obtained by said photometry express is included in 
the beige range. While dividing a subject-copy image into a beige field and an un-beige field, the 
edge in a subject-copy image is detected based on the data obtained by said photometry. 
Classify each part in a subject-copy image into an edge part or a non-edge part, and it is 
located in said beige field. And the face field extract approach of extracting the field in the 
subject-copy image which consists of assemblies of a non-edge part and the classified part as a 
face candidate field, and extracting the face candidate field judged whether it having been the 
field in which the extracted face candidate field is equivalent to a person's face, and judged that 
is a field equivalent to a person's face. 

[Claim 2] The copy condition decision approach characterized by determining the copy 
conditions of said subject-copy image to a reproduction material by the face field extract 
approach according to claim 1 based on the image characteristic quantity in the field which 
extracted the field which is equivalent to a person's face from the subject-copy image recorded 
on the record medium, and was extracted. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the face field extract approach and the copy 
condition decision approach, and relates to equivalent to the face of the person in a color 
subject-copy image, then the face field extract approach of extracting the field presumed and 
the copy condition decision approach of determining light exposure based on the image 
characteristic quantity in the face field extracted by this extract approach, especially. 
[0002] 

[Description of the Prior Art] since the part which attracts attention most is a persons face 
when admiring a person photograph, when baking the subject-copy image recorded, for example 
on the negative film etc. on reproduction materials, such as printing paper, the field equivalent to 
the face of the person in a subject-copy image extracts, and it is desirable to determine light 
exposure based on the extracted color and the concentration of a field so that the color of a 
person's face may be baked and made into a proper color 

[0003] For this reason, Provisional Publication No. 52 No. -156624 official report, Provisional 
Publication No. 52 No. -156625 official report, JP,53-12330,A, Provisional Publication No. 53 No. 
-145620 official report, Provisional Publication No. 53 No. -145621 official report, Provisional 
Publication No. In 53 No. -145622 official report As an approach of extracting the data of a 
person's face by extracting beige data Making into the concentration of a face the cluster 
(group) of the point of measurement which each point of measurement was decomposed into 
three colors of R, G, and B, and the strength of the light was measured while dividing the color* 
subject-copy image at much point of measurement, and the color of each point of measurement 
judged whether it was within the limits of flesh color on the color coordinate based on 
photometry data, and was judged to be within the limits of flesh color is indicated. However, 
above, when beige fields, such as the ground and a wooden trunk, existed in the subject-copy 
image, the data of the point of measurement in this field may be incorrect-extracted as 
concentration data of a face, and there was a problem that proper light exposure could not be 
obtained. 

[0004] These people divide many color subject-copy images into a pixel. For every pixel 
Moreover, R, G, Decompose into three colors of B, measure the strength of the light, and it asks 
for the histogram about a hue value (and saturation value) based on photometry data. It divides 
into the group corresponding to the crest which judged to any of the crest which divided the 
histogram for which it asked for every crest, and each pixel divided it would belong, and divided 
each pixel. It has proposed dividing a color subject-copy image into two or more fields for every 
group (the so-called clustering), presuming the field which is equivalent to a persons face among 
these two or more fields, and determining light exposure based on the photometry data of the 
presumed field (refer to JP,4-346333,A). 

[0005] However, when beige non-person fields which exist in the subject-copy image, such as 
the ground and a wooden trunk, adjoin the field equivalent to a person's face, as hatching which 
is ideally different in drawing 9 (A) as an example shows Although it is desirable to extract as the 
field equivalent to a person's face, a non-person field (field which is equivalent to a background 



by a diagram), and a different field, with the above-mentioned technique, the field and non- 
person field which are equivalent to a person's face as shown in drawing 9 (B) are inseparable. 
Moreover, when the hue and saturation in the field equivalent to a person's face differed from 
each other a little partially, as two or more clusters in a histogram top were formed with the data 
in the field equivalent to a person's face and it was shown in drawing 9 (C), the field equivalent 
to a person's face might be divided superfluously. 

[0006] Since it was processing on the assumption that it is the field in which it is equivalent to a 
person's face with the above-mentioned technique any of the divided field they are, when a 
subject-copy image was not able to be divided into the field of the proper range, the 
misjudgment law of the field equivalent to a person's face was carried out, and there was a 
problem that the light exposure which can burn a person's face proper could not be obtained. 
[0007] It is the purpose to acquire the face field extract approach that the field equivalent to the 
face of the person who accomplished this invention in consideration of the above-mentioned 
fact, and exists in a color subject-copy image can be extracted proper with high accuracy. 
[0008] Moreover, it is the purpose that this invention acquires the copy condition decision 
approach that the copy conditions which can burn the field equivalent to the face of the person 
who exists in a color subject-copy image proper can be acquired with high accuracy. 
[0009] 

[Means for Solving the Problem] The face field extract approach which starts invention 
according to claim 1 in order to attain the above-mentioned purpose Decompose the a large 
number part on a color subject-copy image into two or more component colors, measure the 
strength of the light, and it judges whether the hue in each part on the subject-copy image 
which the data obtained by said photometry express is included in the beige range. While dividing 
a subject-copy image into a beige field and an un-beige field, the edge in a subject-copy image 
is detected based on the data obtained by said photometry. Classify each part in a subject-copy 
image into an edge part or a non-edge part, and it is located in said beige field. And the field in 
the subject-copy image which consists of assemblies of a non-edge part and the classified part 
is extracted as a face candidate field, it judges whether it is the field in which the extracted face 
candidate field is equivalent to a persons face, and the face candidate field judged that is a field 
equivalent to a person's face is extracted. 

[0010] Since it judges whether the hue in each part on a subject-copy image is included in the 
beige range in the above and the subject-copy image is divided into the beige field and the un- 
beige field Though the hue and saturation of a field equivalent to a person's face differ from each 
other a little partially, a subject-copy image will be divided so that possibility that all the hues of 
each part in said field will be judged to be contained in the beige range may be very high and said 
field may turn into a single beige field. Therefore, also when the hue and saturation in the field 
equivalent to a person's face differ from each other partially, this part is not divided 
superfluously. 

[0011] Moreover, detect the edge in a subject-copy image and each part in a subject-copy 
image is classified into an edge part or a non-edge part. Since the field in the subject-copy 
image which consists of assemblies of the part which was located in the beige field and classified 
with the non-edge part is extracted as a face candidate field For example, though the 
approximated background region adjoins in a subject-copy image to that a person's face and hue 
are the same or the field equivalent to a person's face By classifying the boundary part of this 
background region and the field equivalent to a person's face with an edge part, between a 
background region and the fields equivalent to a person's face will be divided by the edge part, 
and both will be extracted as a different face candidate field. 

[0012] And it can extract proper with high accuracy, without dividing superfluously the field 
equivalent to the face of the person who exists in a color subject-copy image, or intermingling a 
background region, since the face candidate field judged whether it was the field which is 
equivalent to a person's face among the face candidate fields extracted as mentioned above, and 
judged that is a field equivalent to a person's face is extracted. 

[0013] The copy condition decision approach concerning invention according to claim 2 is 
characterized by determining the copy conditions of said subject-copy image to a reproduction 



material by the face field extract approach according to claim 1 based on the image 
characteristic quantity in the field which extracted the field which is equivalent to a persons 
face from the subject-copy image recorded on the record medium, and was extracted. 
[0014] Since the field equivalent to a person's face is extracted from the subject-copy image 
which applied the face field extract approach of claim 1, and was recorded on the record medium 
above Since the copy conditions to a reproduction material are determined based on the image 
characteristic quantity in the field which could extract the field equivalent to a person's face 
proper, and extracted it further with high accuracy like the above The copy conditions which can 
burn the field equivalent to the face of the person who exists in a color subject-copy image 
proper can be acquired with high accuracy. 
[0015] 

[Embodiment of the Invention] Hereafter, an example of the operation gestalt of this invention is 
explained to a detail with reference to a drawing. The photograph printing equipment 10 which 
can apply this invention is shown in drawingj__ . Photograph printing equipment 10 is equipped 
with the light source 1 6 which injects the exposure light for baking the image recorded on the 
negative film 12. The compensating filters 18, such as a modulated light filter, the diffusion box 
20, and the prism 22 for distribution are arranged in order at the irradiation appearance side of 
the light source 1 6. 

[0016] The conveyance way of the negative film 12 as a photographic film is formed between the 
diffusion box 20 and the prism 22 for distribution, and the prism 22 for distribution distributes the 
light which penetrated the negative film 12 to a 2-way. On both sides of the optical axis of the 
light source 16, conveyance roller pair 14A and 14B are prepared in both sides along the 
conveyance way of a negative film 12. Conveyance roller pair 14A and 14B are respectively 
connected with the driving shaft of Motors 52A and 52B, rotate by transmitting the driving force 
of Motors 52A and 52B, and convey a negative film 12. 

[0017] On one optical path of the light distributed to the 2~way, projection optics 24, the black 
shutter 26, and the color paper (printing paper) 28 as a reproduction material are arranged in 
order by the prism 22 for distribution, and projection optics 30 and CCD series 32 are arranged 
in order on the optical path of another side. CCD series 32 divides into many pixels (for example, 
256x256 pixels) the whole image (one coma) recorded on the negative film 12, decomposes each 
pixel into three colors of R (red), G (green), and B (blue), and measures the strength of the light. 
[0018] The amplifier 34 which amplifies the signal outputted from CCD series 32, the analogue- 
to-digital (A/D) transducer 36, and the 3x3 matrix circuit 38 for the correction by sensitiveness 
of CCD series 32 are connected to the signal outgoing end of CCD series 32 in order. The 3x3 
matrix circuit 38 is connected to input/output port 40D of the control section 40 which 
consisted of a microcomputer and its peripheral device. The control section 40 is equipped with 
CPU40A, ROM40B, RAM40C, and input/output port 40D, and these are mutually connected 
through the bus. 

[0019] The compensating filter 18 is connected to input/output port 40D of a control section 40 
through the driver 46 which drives a compensating filter 18, and Motors 52A and 52B are 
respectively connected through Drivers 50A and 50B. Moreover, the screen detection sensor 48 
which is arranged on both sides of the optical axis of the light source 16 at both sides, and 
detects the amount of transmitted lights of a negative film 12 is connected with the display 42 
as a display means which consists of LCD or CRT, and the keyboards 44, such as a ten key for 
an operator to input various information, at input/output port 40D. 

[0020] Next, an operation of this operation gestalt is explained with reference to the flow chart 
of dLawing 2 . In addition, the flow chart of dravv[ng_2 supervises the output signal from the 
screen detection sensor 48 while conveying the negative film 12 set in photograph printing 
equipment 10 in the predetermined direction, and whenever it positions the image recorded on 
the negative film 12 in an exposure location, it is performed. 

[0021] At step 100, the photometry data which measured the strength of the light with CCD 
series 32 in the image positioned in the exposure location, incorporated the photometry data of 
every R, G, and B outputted through amplifier 34, A/D converter 36, and the 3x3 matrix circuit 
38 from CCD series 32, and were incorporated further are once memorized in memory, such as 



RAM40C. At step 102, the noise rejection of the photometry data stored in memory, i.e., 
smoothing, is performed. Beige field extract processing is performed at the following step 104. 
This beige field extract processing is explained with reference to the flow chart of drawing 3 . 
[0022] At step 130, it judges whether the hue of each pixel is included in the beige range based 
on the photometry data for every pixel which performed smoothing above. In addition, in this 
judgment, it is Provisional Publication No. The stereo of the shape of an ellipsoid indicated by No. 
156624 [ 52 to ] etc. can be used. 

[0023] Namely, the green concentration G in the beige point of a large number extracted from 
the image of a large number recorded on the negative film, the blue concentration B, and the red 
concentration R The averages BAVE, GAVE, and RAVE of each depth of shade Since it becomes 
the three-dimension Gaussian distribution made into a core, each depth of shade B, G t and R of 
a beige point The averages BAVE, GAVE, and RAVE of each depth of shade defined on the 
three-dimension color coordinate which sets an axis of coordinates as each depth of shade B, G, 
and R respectively It is thought that it exists inside the ellipsoid (ellipsoid 60 reference of 
drawmg 5 which serves as an ellipse since distribution of each color is not equal) made into a 
core. An ellipsoid or an ellipse is expressed with the following general formula. 
[0024] 
[Equation 1] 

d S 2 = S a i j * x i • x i - ( 1 ) 

[0025] however, alphaij — a constant, x1 =B-BAVE, x2 =G-GAVE, and x3 =R-RAVE it is — it 

will be an ellipsoid if n becomes three. Therefore, in the case of an ellipsoid, it is. dS2 

=C11dB2+2C12 dB-dG+C22dG2+ 2C23 dG-dR+C33dR2+2C31 dR-dB — (2) 

It can carry out. dB=x1 , dG=x2, and dR=x3 it is — since — dB=B~BAVE, dG=G-GAVE, and 

dR=R-RAVE It becomes. Moreover, Cij is the element of the inverse matrix of the following 

variance-covariance-matrix A. 

[0026] 

[Equation 2] 
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[0027] However, N is the number of data, and Bi, Gi and Ri. The concentration in each point of 
measurement is expressed. By the way, the magnitude of the ellipsoid defined by (2) types is dS2 
of (2) types. It changes with values. It is dS2 so that the large majority (for example, 95%) of the 
data of the beige point of a large number extracted from the image of a large number recorded 
on the negative film may be contained in an ellipsoid, in order for it to twist that the data of the 
point of measurement whose hue is not beige are contained in an ellipsoid and to make it like. 
What is necessary is to set up a threshold and just to ask for each above-mentioned parameter. 
[0028] And the data of each pixel are substituted for step 130 at (2) types, and it is dS2. dS2 
calculated and obtained In below the threshold which the value set up previously It is dS2 which 
judged that the hue of this pixel was included in the beige range since the data of this pixel were 
located in the ellipsoid, and was obtained. When a value is larger than a threshold Since the data 
of this pixel are located out of an ellipsoid, it can be judged that the flesh color of the hue of this 
pixel is out of range. 

[0029] In addition, distribution of the beige point on a three-dimension color coordinate changes 
according to the class of light source at the time of photoing the image of beige point sampling 
origin. The ellipsoid for which it asked as an example from the data of the beige point extracted 
from the image which showed the ellipsoid for which it asked from the data of the beige point 
extracted from the image photoed using a fluorescent lamp as the light source to drawin g 5 as 
an ellipsoid 62, and was photoed, using a tungsten LGT as the light source is shown as an 
ellipsoid 64. Therefore, it is dS2 of (2) types for every class of light source. And the value of 
each parameter is calculated and you may make it judge respectively whether it is contained 
within the limits of the flesh color by which the hue of each pixel is defined with each ellipsoid. 
Moreover, it replaces with the ellipsoid explained above and is Provisional Publication No. The 
field of the shape of a polygon shown in Fig. 3 of 53 No. -145620 official report etc. may be used. 



[0030] The beige field which consists of only pixels judged in the subject-copy image to be a 
pixel in a beige field at step 132 based on the judgment result in step 130, While dividing into the 
un-beige field which consists of only pixels judged to be a pixel outside a beige field The binary 
image made binary according to the pixel in a beige field or the pixel in an un-beige field is 
generated, and it considers that the beige field where the perimeter was further surrounded in 
the un-beige field is a single beige field, and numbering is performed in order to identify each of a 
beige field. 

[0031] At the following step 134, by judging the area of the divided field, a minute field is 
removed and numbering is done again, the expansion processing makes it increase in the 
direction of a background pixel, and the contraction processing which deletes all the boundary 
pixels of a beige field and is removed by one hide at step 1 36, and contraction processing fatten 
[ processing ] a boundary pixel by one hide conversely — carrying out — a large field and ** — 
**** — the small field which is is separated from a large field. At step 142, a minute field is 
removed like step 134 and RINAN burring is performed. At the following step 140, it judges 
whether predetermined time (for example, 2 times) activation of the processing of steps 136 and 
138 was carried out. Steps 136 and 138 are repeated until the judgment of return and step 140 
is affirmed to step 136, when a judgment is denied. By this, the beige fields which are carrying 
out weak coupling will be separated. 

[0032] closing which it will shift to step 142 if the judgment of step 140 is affirmed, and is one of 
the four fundamental conversion of morphology conversion A beige field is made up for. closing 
The following (3) types define. 
[0033] 
[Equation 3] 

X' - (X0B) 9B ... ( 3 ) 

{&U XfiH£s ®li Minkowski^ Gtt Minkowski^£^ 0 

[0034] Moreover, B is a bounded set called a component. In morphology conversion, various 
conversion can be obtained by changing Component B. Generally it is closing. Smoothing from an 
outside which removes a noise (irregular pattern which becomes settled with Component B) to 
Set X is performed. For this reason, as shown in drawin g 6 (A), supposing it considers the 
subject-copy image (binary image) as a processing object as Set X and chooses a thing regular 
as a component B, as a continuous line shows to drawing 6 (B), set X' after morphology 
conversion (closing) becomes smooth [ a boundary ] to Set X, and a narrow gap, a long and 
slender crack, and a small hole will be buried. 

[0035] At step 142, a beige field is made up for by performing the above-mentioned conversion 
with the application of a beige field as set X. A beige field will be extracted as the above shows 
to drawing 8 (B) from the subject-copy image (this subject-copy image shall be a hue in which 
the hue of the field which is equivalent to a background as an example is included in the beige 
range in addition) shown in drawin g 8 (A) as an example. Although the field where the face field 
and the background region were intermingled as a beige field is extracted by the above- 
mentioned beige field extract processing when the hue of the background region contiguous to a 
face field is a hue included in the beige range so that more clearly than drawing 8 (B) Instead, 
though the hue and saturation in a face field differ from each other a little partially, all face fields 
will be extracted as the same beige field. And after memorizing in memory at step 142 by using 
the binary image as a final processing result as Image A, it shifts to step 106 of drawing 2 . 
[0036] Edge extract processing is performed at step 106. This edge extract processing is 
explained with reference to the flow chart of draw ing 4 . At step 190, based on the photometry 
data incorporated at step 100 of the flow chart of drawin g 2 , a brightness value is calculated for 
every pixel, and the brightness image data showing a brightness image is generated, the 
brightness change value (edge reinforcement) which met in the direction (a total of eight 
directions: shown as eight arrow heads with which 45 degrees is minced to drawing 7 , it appears 
in it, and directions differ mutually) which goes to eight pixels (about eight so-called pixel) which 



exist in a perimeter respectively for every pixel at step 192 — Sobel etc. — it calculates 
respectively using a differentiation filter. An example of eight differentiation filters for calculating 
respectively the edge reinforcement which met in said eight directions is shown in drawing 7 . 
[0037] For example, when calculating the edge reinforcement which met in the predetermined 
direction, it can ask for the edge reinforcement which met in said predetermined direction by 
multiplying by the numeric value of said differentiation filter respectively as a multiplier to the 
concentration value of eight pixels which exist in the perimeter of the concentration value of the 
pixel for an operation, and the pixel for an operation using the differentiation filter to which the 
arrow head which turned to said predetermined direction among eight arrow heads shown in 
drayying J points, and calculating those total. It can ask for the edge reinforcement which met in 
each direction in a single pixel by performing the above-mentioned operation using eight 
differentiation filters corresponding to each direction. Moreover, at step 192, the edge 
reinforcement which met in each above-mentioned direction is measured for every pixel, and the 
maximum of the absolute value of edge reinforcement is memorized as edge reinforcement of a 
processing-object pixel. 

[0038] Each pixel which constitutes an image is divided into an edge part and a non-edge part by 
judging this pixel to be a pixel equivalent to the edge part of an image [ the reference value 
which was able to define beforehand the edge reinforcement for every pixel for which it asked 
above at step 194 / respectively ] with [ edge reinforcement ] a reference value [ beyond ], and 
repeating judging this pixel to be a pixel equivalent to the non-edge part of an image with [ edge 
reinforcement ] a reference value [ beyond ]. And the binary image which each pixel made binary 
according to the edge part or the non-edge part is generated. 

[0039] At the following step 1 96, to the binary image generated above, thinning of the common 
knowledge which makes the edge part of a binary image Rhine of 1 -pixel width of face is 
performed, and it memorizes in memory by using the obtained image as Image B. By this, an edge 
(a thick wire shows by a diagram) as shown in drawin g 8 (C) will be extracted from the subject- 
copy image shown in drawing 8 R> 8 (A) as an example. Edge extract processing is ended by the 
above and it shifts to step 108 of the flow chart of drawin g 2 . 

[0040] At step 108, the field which consisted of pixels which took out the data of the image A 
memorized by memory and Image B, and were judged by beige field extract processing to be a 
beige field, and were judged in edge extract processing to be a non-edge part is extracted. And 
at step 110, it considers that the field surrounded by the pixel judged to be an edge part is one 
face candidate field to the field extracted at step 108, labeling is performed, and a face candidate 
field is identified. 

[0041] Though the non-person field (for example, field equivalent to a background) of the hue 
which adjoins to the field equivalent to a person's face in a subject-copy image by the above, 
and is included in the beige range exists Between the field equivalent to a person's face, and the 
field equivalent to a background the field which is equivalent to a person's face as it will be 
divided by the edge part equivalent to the profile of a person's face and hatching which is 
different in drawmgJB (D) shows, and the non-person field of the hue included in the beige range 
— **** — it will be extracted as a face candidate field. Thereby, the field equivalent to a 
person's face can be extracted proper as a face candidate field. 

[0042] At the following step 1 1 2 - step 1 18, the field presumed that the accuracy which is the 
field which is equivalent to a person's face among [ each ] the face candidate fields which 
carried out labeling is the highest is judged. That is, at step 1 12, one piece is taken out out of 
the face candidate field extracted at previous step 108, and in step 1 14, while performing 
enlarging-or-contracting processing of said field and standardizing size of said field so that the 
diameter of a level fillet and the diameter of a perpendicular fillet of a face candidate field which 
were taken out may become a predetermined value, according to the following (4) types, 
standardization of a concentration value or a brightness value is performed. 
[0043] 
[Equation 4] 



d r = 



* ( d - d mi n ) 
d max - d min 



[0044] However, dmax : The maximum concentration value dmin in a field (or brightness value) : 
Least concentration value ds in a field (or brightness value) : Full-scale concentration value of 
image sensors (or brightness value) 

d : front [ standardization ] concentration value (or brightness value) 

dr : after [ standardization ] concentration value (or brightness value) 

At step 1 16, the correlation coefficient r of the attention field to two or more sorts (this 

operation gestalt ten kinds) of standard face images (the face image seen from the transverse 

plane, the face image (right and left) seen from width, a downward face image, upward face 

image, etc.) memorized beforehand is calculated by the following (5) types, and let this 

correlation coefficient be characteristic quantity. Even if this standard face image is data of only 

the profile of a face, it may be data which added the internal structure data (an eye, a nose, 

opening, etc.) of a face to the data of the profile of a face. 

[0045] 
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[0046] It comes out, and it is, and in T, the horizontal of an image, the die length (here, the die 
length of the diameter of a fillet presupposed that it is the same) of the diameter of a 
perpendicular fillet, and f (x y) express a face candidate field, and g (x y) expresses the standard 
face image. 

[0047] At the following step 118, it judges whether it is the field in which a face candidate field is 
equivalent to a person's face with the linearity discriminant analysis which made the above- 
mentioned characteristic quantity the variate, and a judgment result is memorized. At step 120, 
it judges whether the above-mentioned processing was performed to all the extracted face 
candidate fields, and step 1 12 - step 120 are repeated until the judgment of step 120 is affirmed. 

[0048] In order to judge above that it is a person's face, the correlation coefficient was used as 
characteristic quantity to be used, but it may be made to judge that it is a field equivalent to a 



person's face, using the invariant, autocorrelation function, or geometric invariant of the 
circumference of a center of gravity drawn from the normalized central moment as characteristic 
quantity as indicated by JP.4-346333.A. 

[0049] Average concentration Dj of the photometry data of the face field determined above at 
step 122, and the whole screen of an image It is based and is light exposure Ej. It calculates. In 
addition, light exposure Ej It can ask by the following (6) formulas. 
[0050] 

logEj -LMj, CSj, and (DNj-Dj) +PBj+LBj+MBj +NBj+K1+K2 — (6) 
However, the semantics of each notation is as follows. 

[0051] LM: Scale-factor slope multiplier. According to the enlargement scale factor which 

becomes settled in the class and print size of a negative film, it is set up beforehand. 

[0052] CS: Color slope multiplier. It is prepared for every class of negative film, and there are an 

object for undershirt exposure and an object for exaggerated exposure. To a standard negative 

concentration value, the average concentration of the image coma which should be printed 

judges [ an undershirt or ] whether it is exaggerated, and chooses any the object for undershirt 

exposure, and for exaggerated exposure they are. 

[0053] DN: Standard negative concentration value. 

D : the concentration value of the image coma which should be printed. 

[0054] PB: The amendment balance value over a standard color paper. It is determined according 
to the class of color paper. 

[0055] LB: The amendment balance value over a standard printing lens. It is determined 
according to the class of lens used for printing. 

[0056] MB: Correction value over fluctuation of the light source quantity of light, or change of 
the paper development engine performance (master balance value). 

[0057] NB: The NEGABARANSU (color-balance) value which becomes settled with the property 
of a negative film. 

[0058] K2 : The amount of color amendments. 

K1 : The amount of concentration amendments expressed with the following formulas. 

[0059] 

[Equation 6] 

r Dr +Dg +Db FDr+FDg+FDb ^ 

Ka ( - +Kb 

^3 3 i 



[0060] Here, Ka and Kb are constants and FD is face field average concentration. Light exposure 
Ej which can carry out printing of the face field proper by this It is obtained. 
[0061] Moreover, the amount K1 of concentration amendments of the above-mentioned (6) 
formula It considers as the correction value calculated by film assay equipment, and is the 
amount K2 of color amendments. You may express using face field average concentration as 
follows. 
[0062] 
[Equation 7] 



(K 2 )j =K c 



(FDj - 



FD R + FD g + FD 
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— (DNi ) 

3 J 

[0063] However, Kc is a constant. Furthermore, the amount K1 of concentration amendments of 
the above-mentioned (1) formula and the amount K2 of color amendments It considers as the 
amount of amendments calculated by film assay equipment, and is the average concentration Dj 
of the print coma of (1) type. Average concentration FDj of a face field It may replace and light 
exposure may be calculated. Moreover, although 3 color average concentration of a face field 



was used, it replaces with this and you may make it use various characteristic quantity, such as 
distribution of the gray level histogram of a face field, the maximum concentration, the minimum 
concentration, and concentration, as characteristic quantity of the field which is above 
equivalent to a person's face. 

[0064] Light exposure Ej calculated above at the following step 124 It outputs to a driver 46. 
Light exposure Ej inputted by the driver 46 by this It is based and is light exposure Ej. A 
compensating filter 18 is moved to a corresponding location. Moreover, a control section 40 is 
the above-mentioned light exposure Ej about the black shutter 26. Only the predetermined time 
which becomes settled is opened. Thereby, the image positioned in the exposure location is the 
above-mentioned light exposure Ej. It is burned by printing paper 28. 

[0065] In addition, although it is made to perform edge extract processing above after performing 
beige field extract processing, the processing section which may perform processing [ which ] 
first and performs beige field extract processing, and the processing section performed in edge 
extract processing are prepared separately, and it may be made to process to juxtaposition at 
both processing sections. 

[0066] Moreover, in the extract of a beige field, as indicated by JP,4-346333,A etc. It asks for 
the histogram about a hue value based on the data obtained by measuring the strength of the 
light in a subject-copy image. It divides into the group corresponding to the crest which judged 
to any of the crest which divided the histogram for which it asked and each pixel divided it would 
belong, and divided each pixel, a color subject-copy image is divided into two or more fields for 
every group, and you may make it judge the field where a hue is included in the beige range 
among these two or more fields. However, as shown in drawing 9 (C), in order to prevent that a 
face field is divided superfluously in division of a histogram among the above-mentioned 
processings, it is desirable to divide so that two or more crests may be included in divided each. 
[0067] Furthermore, although he was trying to judge whether it is the field which asks for the 
correlation coefficient r with a standard face image, and is equivalent to a person's face based 
on this correlation coefficient r to the face candidate field extracted above This inventions are 
the magnitude corresponding to said face candidate field to the location corresponding to the 
physical relationship of person's face and a person's specific parts (for example, a head, a 
fuselage, etc.) to the face candidate field which it is not limited to this and extracted, and the 
sense. You may make it judge whether it is a field equivalent to a person's face based on 
whether configuration patterns (for example, configuration pattern showing profiles, such as a 
head and a fuselage, etc.) peculiar to said specific part exist. 

[0068] Moreover, although he was trying to determine the light exposure at the time of 
extracting the field equivalent to a person from the image recorded on the negative film 12 as a 
photographic film above, and baking said image on printing paper 28 It is also possible to apply 
this invention to the decision of the copy conditions at the time of being able to apply various 
kinds of record media, such as a photographic film of others, such as a reversal film, and paper, 
as a record medium of an image, and an electrophotography type method etc. copying an image. 
[0069] 

[Effect of the Invention] As explained above, while judging whether invention according to claim 1 
is included in the range where the hue in each part on said subject-copy image is beige and 
dividing a subject-copy image into a beige field and an un-beige field Detect the edge in a 
subject-copy image and each part in a subject-copy image is classified into an edge part or a 
non-edge part. The field in the subject-copy image which consists of assemblies of the part 
which was located in the beige field and classified with the non-edge part is extracted as a face 
candidate field. Since the face candidate field judged that is a field which is equivalent to a 
person's face among the extracted face candidate fields was extracted, it has the outstanding 
effectiveness that the field equivalent to the face of the person who exists in a color subject- 
copy image can be extracted proper with high accuracy. 

[0070] Invention according to claim 2 extracts the field which is equivalent to a person's face 
from a subject-copy image by the face field extract approach of claim 1, and since it determined 
the copy conditions to a reproduction material based on the image characteristic quantity in the 
extracted field, it has the outstanding effectiveness that the copy conditions which can burn the 



field equivalent to the face of the person who exists in a color subject-copy image proper can 
acquire with high accuracy. 

[Translation done.] 



* * * NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the photograph printing equipment concerning this 
operation gestalt. 

[ Drawing 2] It is a flow chart explaining the photograph baking finish concerning this operation 
gestalt. 

[Drawing 3] It is a flow chart explaining beige field extract processing. 
[Drayying 4] It is a flow chart explaining edge extract processing. 

[Drayying 5] It is the diagram showing the ellipsoid for extracting a beige field defined on the color 
coordinate. 

[Drawin g 6] (A) And (B) is closing which is one of the morphology conversion. It is an image Fig. 
for explaining. 

[ Drawing 7] It is the conceptual diagram showing an example of the differentiation filter for 
detecting an edge. 

[Drayying 8] As an example, as a result of (As) extracting a subject-copy image, (B's) extracting 

a beige field from a subject-copy image and (C's) extracting an edge from a subject-copy image, 

(D) is the image Fig. showing respectively the result of having extracted the face candidate field. 

[ Drawing 9] In order to explain the trouble of the conventional technique, (A) is the image Fig. 

showing respectively an example when (C) has divided the face field superfluously, when a face 

candidate field is able to be extracted proper, and (B) is not able to separate a face field and a 

background region. 

[Description of Notations] 

10 Photograph Printing Equipment 

12 Negative Film 

28 Printing Paper 

32 CCD Series 

40 Control Section 

60 Ellipsoid 

[Translation done.] 



<19)B*BHfffj? (JP) 02) & §g J}$ jft & $g (A) (ll)ttfftfW£M#* 

#Hi¥9- 101579 



(43)&IBB ¥f£9^(1997)4/il5B 



(51)lntCl. s 




F 1 Sffi^TR&iBf 


G0 3B 27/80 




G 0 3 B 27/80 






m$mo&;2 ol (^i2H) 




ftS¥7 -258976 


(7DWKA 000005201 








(22)fflBIB 


¥^7^(1995)10^ 5 B 


#^;iiiimjeffim*»2iosia 






(72)^M# WP! 






4tti ./i' If I rB i-t Ja* i tut rtrt r mi it *vA,>t _-*-> t »■ ■ ■ . 

WiRjl|^£flf±i|Siaj5£Br&&798#Jfe * 












(74)ftSA #g± ffi J? W4«) 



(54) [38gH©£&] IffittmiSri&KZimM^ie^ 



(57) mm) 

SfWfcifcl^-CjWEK: JAW* 

(i»y«:M0fc3»i (OCc^r^T) . fit 
fl/lfe^rt fCftB L T fc 9 #x ? vg|5# <t #® L tcWm 

mm* (D)jcg&s^??>^-C7jvr) . ntiibtmm 




(2) 

1 

m cc *j w 4 feffltfjaifeoBHcc # * n * 

mbtcwmomt k> x-m^tihWMm'pommzMm 

jsu Aft©aKffi£r5«wr*s±«si/fca«it 

[ tmm 2 ] smm i smuoamma^mc <t •? . 

[|£W©l¥fflWJ] 

[0001] 

[ mi omr 4 ] ##pj ttaastt tu^ffis o' 
outers twzztizwtzmarzmwma 

[0 0 0 2] 

[SEJfeORiBR^^JB^b.t^i-rssS] A®W 

s £ * tc« a s n sanai* Aft©aT & 
4©r. M*.ii**f7 << fr&mcsmztitcimfcitii 
mmowztttticmttv Aft©a©&# 
ajE&fefcaHtfttSfiajrstc, jmffe4©Aft©atc 

4$I*&*Affi U »ULfc«tt©ert>iitttca-5 

[000 3 ] t©fctf>, l#H3Bg 52-156624#&$g l ftffl 
US 52-156625^f&$R. 4$HBB53-1233(Ht&«. ft^BS 5 
3-145620*f&$R. fSKBS 53-145621*t£fR. ^BS 53- 
145622#&$R3¥(Ctt > SAfef 1 - * 4 C £ (C J: -o 

xA%o>m.<D7 : -ii>*\m?z>iimtbx. ti?-wm 
m moms. $x 4 i « (cawe^. * r . g . 

£T 4C£#lEi££nTt>4. 1*1/^6, ±1ET 



W9- 10 1579 

2 

- * £ L X miti liit 4 C £ fth i) > jfilEfc &3fcS£?3 4 
C £ jWC* ttti £ l» 5 NBtf & o fc. 
[0004] $/c*ttigiAB. #5-/mi®ij&£$:iiSt 
tC^fJO^H^^CCR. G. B©3feCC#)|?l,T$iJ3£ 

5 ~ jlli<ft&&ft©<|gtttc#g| t (mm? 5 a *'J > 

if) . 5 %A«©a«:ffl^-rs««*«t 

S U Jtt5E L/ /cSIlS©^ r- * f » r jfc 

B.8) . 

[0 00 5] L*»L/. HBmc?faUTCi41ifeffl^© 
IWf©llie©lf Aft A*©BHC*Ba 4^*Dc £ m 
ftOTl»fc»£. afflWJCttWiLTBig (A) 

4^ v 5=->^t?^TJ: -5tC. A^©HKtaa-r4«IiS£ 

(B) {CwfJ:^«cA»©M«:ffla-rs««i||£A»« 

f 4 ffiWi©etB^>^a^fls^at) jceTa * ^ r i, » fc» 

Aft©M(CtB^-r4^F*3©f ; -*K:J;- 3 -Ct 

x h^A±rasi©i'7^**ijge£$*i. S9 (O 

[0006] ±iaStR"CB. ftmbtcm®<DWii.fr&A 
ft©a«C*BSr*««"C*4C 4*WJlt LT^S?rtf 
o r i>4 fcj*. A(Bflk«aiEttaffl©ffi«(c^ii?» ft 

*>o fcjjtetett. A*©a«cti^-r ittw^awsu. 

A^©®*j5liEtC^Wr- 1 4g7t«?r^4 C £ 

[0007] *lfeH^tJJ:ie^^#^UTfiX§nfcfe© 
r, *7-Jlil^[t>tci?a-r4A^©SIK:t-IS-r4«|ti 
ftWi»»ttrJiEtt:ijiia-j-*c 4**rfi?*aiW«4a* 

[0 00 8] £fc$#6HJB. *5-Mil«*{Ci?ai-4 
A»©a«:tBaf sa«*»EK«H^W-C# itS^Stt 
SrKHttttrff a C £ Ai-C* S«^fl=»tS*Stfi 4 

C£^gWr*4„ 
[0 00 9] 

ccit i iBtt©iew(cffi4affiwiimi^s». * 5 - 

JMU:©$ttfli?f & 8ft©ldS#&(c#jB 0 rffl* 0 . 

B>rK:*sW4feffl^fife©jgHtc^$ti4^§A^*iJtK 

cc . BMies'jftfc j; t ff b htc r - $ tcs^i > x mm& 

*©i7^*ttfflt. JWH**©&«i*f*::t*y»»X 

ttiM » y»»«:»a l. flinejineiHttrttc&B orte 



3 

ti4HiB(fc*©««*sittaifs«i b-camb. turn u 
fcaisffl««*« A«©incffisr s««*5*4iJ5io . 

[0010] ±E"Ctt. am*±<D&wmK*s»z&ia 

«« t ^BlSfiWSi CC#I ij UTt,> 4©?. AVKDmitm 
£bT*>. Sifffi£iirt©£«Bf©&t§#£Tllfe©fiSH 
jWH-©lie«S£ fc 4 <fc 5 {cJ0SOffl»*s»t( ? n 4 C £ 
S*SSP»W CCS & o T C > 4 *i£CC 4> . C ©g|5#£ jg*jCC 

[o o i n *fc. jmxk'po^y^itkaLtmm 

feMWgCc&gbTfcO . *»o#x» y»#£aaofc 
SBf©»S «J ft4 j^ft$©ffii*&ffi&flfH8 

£l,TfflH]T4©T. MjLl«DRBflt4)ic. A^OMife 
ffi# H-Xltffittl 0 fc«*«J*WA«i©BK: 4 fil 

£r4flWl4©«JMW»#:t s ^SP»i»aStiSC £ 
CCJ; *) . W«««4 A«W)Mtc«^r 5««t©IB36ii 

^ y»#(c «t <o eh $ n. mmizmts: zmmmmt b 

TJSllH3*l4C£H:tt4. 

[0 0 121-eur. ±ia©j:9{ci/r«iwshfcii« 
ffiff iff© 5 % A^5©Hccts^r 4«Wr* 4 *>S*>«3e 

u . A<B»©Htcffl£-r 4*wrr * 4 £ we o tcmmm 
Kffls-rs««*. a«K:»«ufc»). 

Lfc«3T4c<!:i&< > Ji5l>ligTSSiEK:JBWT4 C £# 
r*4. 

[0013] M^2£t)i©ftiHtcffi4^^%£# 

ccsb» $ *ifcjDKBiiK*> hAm<Dm.Mmt 4 mmm & 
u mabtcmmmc^n^mm^mm^m^x. a 

£LTl>4. 

[0014] ±i5-cci. i ©aftj£A{B£&«a 

ffl 0 X . Efttttttcffift 3 4a/cJ0SOB*4» 6 A»©§JCC tl 

sr*««*«itt-s-4©-c. ffirc^isittcc. A«©atc 

tm^apf^friftjrr*©-!?. a^-jKHHfe+tt:?? 
*A*©iwcffls-r*fiBa*ajEK«H*ctr » &n 

af&ff* Betters 4C ±#-efi?4. 

[00 15] 

[»I»©3I»©»»] WT. HBfl*#JBL,T3WeW©jj 

mmo-Mznmitmtz. m 1 (ct**ft9i*aj8 



(3) M¥9- 10 1579 

i oct. *tf74)\,± i 2tcia»s4ifciift*iS{*ws 

fc«>©g5l^£«aiT4:5fc?Sl 6 £ffixTt,>4. ^j® 1 
6©3feWaj»JCCtt. Pbfc? ^Jb^^©fejfiE7 1 
8 . ffiffc*" 9 9 7- 2 0 . 7 <) X A 2 2 AiJfiCCffi^J 

[0 0 16] ^*7 .y ;UA£GT©*#7 .< jUA 1 2© 
ttaBttffitftf? *X 2 0 £#Kffl7' 'J XA 2 2 i©|« 
CC^S fttfc <5 1 7" 'J X'A 2 2 tt* #7 ^ A 

10 1 2 *2»l/fc#* 2 ;)j|S]Ct#|2T4„ 36B 1 6 ©#(* 
£$A,T-WffliJcui, *#7 ^a i 2©JfiS8SccrSor 
JRi£n--7*tl 4A. 1 4 B^w^nri^. JiSi*D 
-7JJ14A, 1 4 B Ci§ * 5 2 A . 5 2 B©IE 
«b$4CCjSJS$nrfc<3.. *-£5 2A. 5 2B©IE0i^J 
^eaSilSCiCCtOillKO. 2£}Jg 

[0017] ^Effl7''jXA2 2CCJ:-,T2^IS]CC^BE 
$4afc7K©-^©7t?gJbCCCi. JMB*?362 4. 7"-5 » 
^+5*2 6. RZfm^tft t bX<Dt> v — 
20 (EPWK) 2 8ASJlCCgeg$nrfci5. ffi^©3fe88±CC 
ttttK*** 30. CCD-fy-y-fe>-9"32 *sjffiCCSe 
aS*iTl>4. CCD-f^-^-fe>1f 3 2C*^*'7 
A 1 2CCfe$$<*ft/ciIj{ii (lav) ^4^©il* 
(^ixCi2 5 6X2 5 6iSJR) Cc^SJL, Siia^R 
(*) . G (Si) . B (#) ©3feCC^?LTI'J7£-r 
4. 

[0 0 18] CCD-r^-^-fe>-9-3 2©ff-^ffi^CC 
tt. CCD-Y>-y-b>-y-3 23&>6.iU*Stifcfl|-9**t 
*T4»l*Ba3 4. T + uy—f'J** (A/D) St8t 
30 S3 6, CCD-T>-^-fe>f-3 2©.®S1fiEffl©3 x 
3v HJ2*|5|&3 8#16CC£&3*iTl>4„ 3x37 

hy^X0K3 8tt. -7-Y^Dn>f^-^S^©Jl 
iimmX'ffil&2ti-tcfflW$>4 0 ©Atti^*"- h 4 0 DCC 
mffi$tlX^Z>. $IJffllg|54 0« > CPU4 0A. ROM 
4 0B. RAM4 0CScJ t Affl*#-h4 0D*fl|itr 
fe9 . cn6C*^'X5r^>LrS^CCg^$tlT^4o 
[0 0 1 9) $IJW4 0©Affl^l*- h4 0 DCU*. 
ffilEy-ifrSi 1 8?:litt-r4 K7-Y-»-5 4 6*/MyTfeffi 
IE7 ^ 1 81)m%L2tlXte<0. h'5-('^'5 0A. 5 
40 0 B%^LT*-if5 2A. 5 2 B*ig*gi&3ii-ct» 
4. $/cAttJ^-i<- H4 0DCC«. LCDX«CRTA> 
e>fiE4^7f;^l3iLT©7 :r ^X7 - U-Y4 2 i. ^^U— 
f*s#ait$E?rA^T4/ca)©7 : ->+-^©+-*:- K 
4 4 i. ^1 6©7lcW<&^rWflijCCgBg§n^*'7 

■**Ai 2©aa*«*«ffl-r4iiEtta-fe>^4 8 3SJ 

^gtiTl»4. 

[0 0 2 0] ^CC02©7O-^ + - h*#flSL. 
JBB.«©f¥fla 4«?8T 4. )ifc02©7O-5 L + -h 
«. ^JE^ffSS 1 0 CC-b ? b $ titcZtf? 4)12*12 
50 *Bf5£^lSUCHKafr4ift«:liffitttil-fe>-9-4 8*>e>© 



(4) 



10 1579 



a^mmssL ox . * a? * jm* i 2 kibss ti^ta 
m mmm.<<c tffl»»r mmtf s n 4 . 
ioo2i]^f-;7'ioo rws^fiSKiaa^* u 

fciffl^5:CCD^>-^H2>it3 2K:J:-3rjttBfeU. C, 
CD^^-yt>t3 2A^61iiliSf53 4. A/D^gsg 
36. 3x3vHJ**[5|l83 8«:rtl/CUtfJSft.6 
R. G. B»<!)ietf t -j'*Blii*. E«clW^/c»J* 

f r -^?:RAM4oc^oy* voc-Biats-rs. *-f 
1 0 4"c«me«P«ain»a*tf5. c©ine««9sm 

[0022] xf? y'l 3 0-cw. ±.ax- 
dS 1 = Z a 



10 



WSKtt. ffl&W&MDS 52-lS6624WCiE«3*lT(,» 

[002 3] ttot>%. < Jl/^KgBS3*i/c^ft 

itfefSKB. jJtfe»KR«. &ferJ|g©¥*3fiIB,» £ .G 
.v E .R.v e £*4>£T5 3:*7E#'^X#W£fcS©-C, 
Hl&jSO&fittlXB. G. RB. &fealKB. G, R£ 
& * i T 4 3 ^7c6ffi«±-C5E« 5 ft 4fcfi«fi 
©^^IBB^E.G.vt.R.v, 4**i-J-5flfn(t (£& 
©ftTStf^ L < ftWciWctf R i ft i> . H 5 ©ISRf* 6 

o#jh) ©«c#&Tr££#x/=>ft*o HBftXtttt 



X i 



[0024] 



( l ) 



[0 0 2 5] iiU a„ttffi». x, =B-B A , e . x 

, — G — Gave . X 3 = R-R« V[ V$> *) . II # 3 & £ 5* 

dS' = C ai dB' +2C„dB • 
2C 2J dG • dR + C 3S 
tTZCt&VftZ. dB = x, . dG=x' . dR = 
x 3 X$)2><DX\ d B = B - B.» e . d G= G- 
G»» t . dR=R-R, vl S/c. C M B&©# 



5«tftim*r$>4. lot, «FH{*©Jfl£tctt. 

dG+CdG' + 

dR' +2C„dR • dB ••• (2) 

ft • ^ttfT£JA©25ff5iJ©5*-C*4. 
[002 6] 

l»2] 



(5) 



^H3¥9- 10 1579 



V a r ( B ) 
C o v ( B . G ) 
C o v ( R , B) 



C o v ( B . G) 
V a r ( G ) 
C o v (G. R) 



C o v CR. B ) 
C o v ( G . R) 
V a r ( R ) 



V a r (B ) = 

V a r (G) = 



1 N 

— ■ ( B i ~ B ave ) 



N- 1 " 



1 H 

S (Gi "Gave ) 

N — 1 i_1 



1 M 

Va r (R) = S (R. -Rave ) l 



N - 1 

1 



C o v (B, G) = 



C o v (G, R) = 



C o v (R, B) = 



N 




1 




1 




N 




1 




1 




N 




1 



S (Bi " B ave )(G i 

i = 1 



G AVE ) 



S (Gi —Gave )(R i "Rave ) 



22 (Ri - R ave ) (B i 

i - I 



B AVE ) 



[002 7 hsu mzr-zom, b,.g,.r, «s 

«je*K:*JWSilR*»-i-. tC6V (2) S«cj:oT 
S^ft-StlRi*©**;*^ (2) 5$©d S' ©ffiCC 30 

f&Rf*Ct^$tiSC£©&i»<fc •&«:», ^ 
*Atc|E»3*ifc£tt©II«W> e»JffitB l/fc£tt©Dl&£ 
©■?-*©*£» (W*.«95%) *i«PWKe£**i*«fc 
5&CdS' ©l/»t>ffl«:8Beo. ±K©&;<5>-** 

[0 02 8] ^LtXf^l 3 0-CU. ■&!BK©7 : - 
(2) StCftAOrdS' fcSJIU f#e>hfcdS 

©f r -$*stlinftF«9«:fiai/T^S©'CKiffl3R©feffltt 40 
»l&©ttHK£$hT<,»4<b*JSrU t#f>n/cdS' © 

tlRtt©$f Kft^ L r H & ©T* . f£iISI©fefflttflllfe© 

[0029] 3 ^7c&ffiai±«:*jw4fie^0» 
tftt. flfe*Jiai7c©ilfft*««$L/ci^©?fe?f.©ffl^«: 

J&GTgEjbTS. ^£LT05(Ctt. #iS£ LTTOT 
S»fclfR&£tfRft6 2 £LT^b. fflilT$> 

fx f >*i*ffli»r»Kt/fciii«*>6aa l/fcfl&a© so 



f r -^J;9*«)/ctlRft ; &+IRft6 4£LT^-r. ft -3 
T. (2) 5£©dS' RCXSA?.*-* 

©ffi£#s!>-C:te£. -§H»©etB#&tiRtt«:J:-3T;E 
H$ti4aJlfe©ffiHrt«:^S*irt»436>5*>?r#>!7fl|g 

ftxT, #§3Bg 53-14 5620^^$R©^ 3 03?tC^ StlT 
l»4£ft?Btt©«W*ffll»T*>J:l». 
[0 0 3 0 ] Xf v 7" 1 3 2TIJ, Xf- v 7' 1 3 0«Cfc 

£*JS3ftfcB^6©#1flJ&3*i.&»lfe«i3c£. Blfe 

figtftt©u% £ we 3 ntcmmti> w^mm s *i 

•&^«£« Kflfff M&ffittn©IB*«*UH 
fe«W9©liBR*>K:j6DT 2fMtbfc2fiinflk&£J$ 

[003 1 ] #©X f- v 1 3 4 Ttt. aMShfcffitt 

©BD«^*ij»T-r5c itcj: g»/Hiw*i»£ u 

■J > Lit?. ^7''?7'] 3 6 Ttt. Vl&ffiig©ttft 

SIMS i tt«fc«ISffl**M*IBIWGl^iWl 
£&#* h -£ ££«£S t o r *ffi«£ *3&i-a r 

t»4'MH«***ratt>e>*M*-r*. arvfi 4 2r« 



9 

v 7 1 3 4 tmu^Hm^w^hx V t y 

1 3 8<Dtmt:ffifc® (mtf 2 0) HtTL/fc*S*^J 

JE**. «3e3W5Je3 nfcfltefctt** ^ 7* 1 3 

0, Xf*->71 40(7)»ttJn^r^7 1 3 

X' = (X©¥) 0B 
(1U X«JI& % ffitt Minkowski?!], 

[o o 3 4 ] ttt. Bimj&mmimtiz^nmsv 

<fc *3 « * ttSlJftfcfS S C £ #T * £ . closi nq 

tt, »£Xec»m* (ttfiEBJRBfcJroTJEtaaiiJ 

<z>-c*s. c<d?c&>. me (a) K^-rj;^ jngst 

*£l/T©«Hi* (2 ffilitO £»£X£U fltjffiHR 
BiuraflUW&tO^riB^ci'rsi, 06 (B) CC 
^tSTCTjVfJ:^ *7 (closing) 20 

£X' tt. fl^Xtc^UWIWSW^ittfj. ftlMSO 

[0 0 3 5 ]^f^*14 2"C«»^Xi LTflfe«« 

L TJblB<Dgafe*fr 5 C £ C£<fc 13 s fieffiiiS©^: 
a#>£tf^e .htBKJ;^ 0i£LTig8 (A) tc^-ris 
Wife (&*>\ cojiaiafttt, WiLrWMKifBS-rsfii 

5) *»e>* 08 <b) ccsK-rj:5«:i(i&«ia3&jaaish 

SCifcfcS. 08 (B) «fc«3W6rt>&<fc5fc, ±SB© 

mm i l r ffi««i w«««i *«ig4 ufcffl«*aai 3 

-rf-tyctiEffil/fcf^c, 02©* 7^ 7*1 oe^^fr 

5. C©x?yfflUi&3lcoi»T, 04©:7n-?- + - 40 
h^MSLT^TSo Xf-^190tB t 02 ©7 

m) ^&*[ajrt>5#fil (£tt8#fr : 07K45* M»V 
Sl^*|6j©S&S8*<D^EniL"C^*r) teiSr>fctt 
aSEftffl (x?y»fi) SrSobel m<0®&? 4)\*$%:m 
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* [0032] 7s?v-j\ a ^mmtmn^txhty^ 

fc^fft© 1 Ot* closing *) , JinfeSI^©ftiltf> 
<Ht9 0 closing tt^O (3) SKA OSaShS. 

[0033] 

[S3] 

- (3) 

fi Minkowski^£S3~ 0 

r. 

[0 03 7] WxtfBfS^filfciSofci y ^«a*SIJSE 
tStt^tcli, a7tC7ST8*©^Eno5%Bff8BBfS*' 

8ffi<DiB*(D«gffifc»U i!MB»#7^l/*©Sffi«r 

8BiS»*S*loi&c»j£"r4 8H©St»7 ^ Jl/**ffll*r 

*Bfl*«6c % ±BE**i5i«:So fcx * *ifc«U 

fitu-ctBtt-rs. 

[0 03 8] Xf^'l 9 4TB, ±SBr*»/c#n* 

fflw±r*n«saffl**ffii«cr)^x ^ s?ap»tcti^-r s 

Sr^JSR-r SSli*?: x y t *x ^ SxSB^i (C»«l 

j£cr2WbLfc2ffiiii»*Sfej*'rs. 

[0 03 9] % <X<DZf-v 7*196 rii, ±IB*C^ly/c 
2 fflfflft tc*t L , 2 fliS^cDx 7 t?SB»* 1 mm^<D v 

8 (A) tt^J^I{f^<E>, 08 (C) CCTn-Ti^ax 

fiBCciOx^yjflttteS^TO, 02CD7n-^i>^ 
h^f^7*l 0 8^ff-rS. 
[0 040] ^f-^^l 0 8-Ctt, -rf-tUKSBttStVC 

t»5ii*ASiyni«B<D7 r -**ffif3aiL. fl/ien» 



u 

[004 1] ±K«: <fc *) . WflMffw:. A«J©awcffl£ 
r Sffl«KBBg . Klfe©f8HK:£S*i&et§©#A 

t r & . AUKDiatcffls-r i wsKtasr 

KHSJvStiCc&O. 08 (D) tcfltti^s^^y 
T?5*-*\fc5K:. A«J©ll«cffiiS§f flne©ioffl 
K£S*i4feffi©#A«J«iS£ . 

[0042] &©* f ";7'1 12^f5-7'l 18T 

d s 

dr = : • (d - 

d max — d min 

[0 04 4] tctcb. 

dmax : W&iMckiB&U (*1tkm&m 
dnrin : fldtfftftffiiftlgft (gfcttffltll) 



(7) ?W9- 1 0 1 5 7 9 
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* W. 7^ 'J >^L/fcM^fffl^©^*©^ ^A^©§Ht 

*WtT£. Ttnlot,, *f 1 2Ttt. 5te©*x? 

1 0 8 rJllJtliSn/aWi^ItS©**^ 1 tB 
U 1 4r«KDtBL/cili!^?ifIt5!t©*iF7 

•* uSte<t^'Sil7 ^ ufi*J»rJEttK:&aJ:$tciRIE« 

«©ffi*«i/j>*aai*tf o r wk««©u- ^ x©a«f t * 

ff5££tc. 3c© (4) SKfifoTiaKffiXttliafi© 

10 [004 3 ] 
[£St4] 



d mi n ) 



( 4 ) 



d r : mwt'&mmm ( s fctsaKa) 

Xfj^l 16 T*W, fftEttJtlfcfflS 
17 i, 

r = 

a i a , 



mmm) K»r*aafis«©*Bi«ts«r4*© (5) 

5Wcj:-3T8WU c©ffilMtH»*»lW4r*. c© 
20 g©fft9|UDf*~*tc8(©AftllHg (IB. *. CW) r- 

[0 04 5] 



•• (5) 



1 

52 X f ( x. y)g(x. y) 

y 2 * y 

l i 



x 2 f (x. y) 

JJ> 2 % 7 



2 2 g <x. y") 



SI H ( f (x. y )' 



■-(—=■ 

1 1 1 

X S ( f (x. y) s 

T 2 x y ) 



l 

S 2 (g (x, y)« 



l 



2 X 



(g <x. y) ! } 



[0046] T**) . TttHtfc©7MP. Sit 7 US© 
(CCTB, 7^ MI©gi*ttHDit/fc) . f 

(x, y) tmimmm, s (x, y > tmwntam 



50 



[0 04 7] #©*-r * 7" 1 1 8 T«. ±l2#Sifi£g 



Xf- v 7'] 2 0©$l] 
Xf->7'1 2 0£l£ 
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[0048] iiE-CttA^OglfrS*©^**? 5fc«> 
346333-St&CfBiS;iftTl>S<fc "5 iC. MA®*) ©iESMtS 
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14 

^©tJit^-^i. H&©iIiS<feft©¥:§iffitD.i t 

fcTF© (6) 5$T#8J>4C±#"C*4. 
[0050] 



1 ogEi =LMi • CSi ■ (DNi-Di)+PBi+LBi+MB.i 



+ NB.1 +K, +K, 
ill,. &ft^<DMmS'X<DM*)Vi>?>. 
[005 1 ] LM : {g^xn-^&gt ;UA© 

i v <) > f it a x t vmt i » mt c 

[0 05 2] CS : *7-xn-m 

gf^ffl <!: * -JiK/tm ©wn* *H!)?r & . 

[0 05 3] DN :tt**tfttlttt. 
D : :/ 1/ > h •fr'* # Hiifl n v©&]gfl. 

[0054] PB : nm-toy — t-^KWTSttE^^SK 



- (6) 

*5-^-A©ffis«:tc.o-c^£sn5. 

[0 05 5] LB : «iW£ttU>XK*tT31iiE;<7> 

*. 

t 0 0 5 6 ] MB : *«36«©SMfct»'<--''«5l*tt(gO 

[0 05 7] NB : *iJ? a ;l/A©^ttK JroTSS 4 

[0058] K, : #-5H#IES. 
20 K, :«TO«-C*Sti4ift«iiE«. 
[0059] 
l»6] 



K a 



+ Dc +Di 



FD R + FDc + FD: 



+ K b 



[0060] CC-C. Ka. KbVSjm.X-3>>) . F D VS 
[ 0 0 6 1 ] ±12 < 6 ) ^©^SffiiEfiK, £7 



fcJ:t>. 

[0 06 2] 
HR7) 



•<^A^^a^or*fc6n/cffiiE[ii4L. #7-*3o 

r FDr+FD c +FDb 
(K,)j = Kc (FDj : 



DN« +DN 0 +DN B x 

- (DNi _ ) 

a J 



[0 06 3 ] {1U K cttSttr**. Wc. ±ie 

( 1 ) ^©jtgfilEMK, . tf^-filESK, £7-<;l/ 
A*J^BK«fc-3T#ft6ftfctiliE*4 0. ( 1 ) SCO 
7' 'J > h n v©3pi*jagg D i «a W3<!>¥$ttS F D i 40 

t-^A, ft/Nift. «flt©»tt«©SIM* 

[0064] ;^f»7' 1 2 4 T'tt. ±IBTlS^L/c 

7Y-»<4 6TBA*snfc»*«E.i tcm-y^x. nut 

*fc. IWBIW4 0«^'»*J/1'7*2 6*±IB© 50 



SEi TEniiiM2 8«:j^W$*i4. 
[0 06 5] ttfc. ±ETtt. flfeSIWftffiJ/iII^T-? 

tt. 5R*©«HI»'CjtWtc«Hl*t75 J: 9 t/T 6 J: 
[0 066] *fc. iae«i«©»ffl«:**:ortt. ^ 

¥4-346333^4>f g^tc §BU( ^ *1T C > 5 <t 5 CC . /lSi»* 

S'Jt!cT5 C i CC J; o T» 6 ftfcr- f tca-^l>TftfM 
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6ffl*iRe©ffiHK£S ft * J: 5 iCLT 

fcotti, 09 (C) tcm U/c<t -5 tcgH^mi|S*sMir£<J«:^ 
f (3 ftS C <h *BS±-r 4fc«>. #ffl L/c& JcfflR©ill 

[ 0 0 6 7 } Etc. ±IBTfjaitHl/3t8Sft||«««:*t 

SJ:9CCL/TU/c*5, *^BCftCC|ES3ft?,4)©r 
B&<. fflffi(sft£f£?ii£i£(cttu Att©iS£A^© 

•5.*>5*H<:S-3i,>-c. A%©fflKtBa-r-2»M^S*^ 

[006 8] $/c, IMVti&Sl.? j frJ*tbX<0*iJ 
7 ^ JUA 1 2(CiBMdft^:BifltA>6A!tttCfB^-r-Sfl(iA 

*ttW U i!ulBiIi<t!£EP»ft 2 8 "vjRtfW -5, |S£©K:>fcS 

%ifctE~§r & J: 5 ccbtvfca*. H^©fe^f*i ur b 

«f*c«fc 0 Ilfe&a9?£l5©tR?^©^tc$:ftQIJ£ 

[0069] 

B. BulBJSli^±©S®iB'rK*5^.2.fetB* 5 Mfe©t5H«: 
S * ft S *>5*> &¥Wr L/ "C £JUlS1>It|l( £ # flna(R 

ai/fcfiff©»ss c rates3ftsjBBH»«t i ©fiB«4a« 

4«fcSfcl,fc©r. *5-Jg(Hft*tc?¥aE-*-.&Att©» 

tio«ft)fcja**wrs. 
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[0070] ii?itJB2geis©^Hi§ii. m^m 1 ©aw 
[ias©ffi««K«] 
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[03] Blfe««a*ffi«Hl«ttiB-r*7 0-? + -h-c 

[^4] x^^}iJffi®a?:SiBj-r5pp-9 L +- hr* 
©tin^^iST^r-ab-s,,, 

[06] (A) &D>" (B) Bt7*c«>^©]-3T 
20 ifeSclosinq ilftW-rifcit)©^ J-Vmv&Z. 

[0 7] x->V>*tfilii-fZ>tclb(Di%ffi? j)ltt<D-M* 

[0 8] — ffJtOT. (A) ttjgBft. (B) ttjRBft 
*>6JPlft«*%afflLfclS*. (C) t*jR(|IHkft>6X9 

y*aitbbfcis*. <d) (in«MmRiA«;»ibi/^tgA 

[0 9 ] fi£*B8fi©ra&£*W9i-rafc«>K:. (A) « 
M«1fffl««:JSiEK:fflmr*ytii^. (B) t28Mgift£ 
W*f^£ (C) itiMM* 

30 jfifJ tC^Wd L r 0 $ -p fc*B£©— 09£& * T^TU-i? 

[flF#©BM8] 

1 0 ^K&tttgg 

12 ^*'7^;l/A 

2 8 EPliiffi 

32 CCD^^-y-b>it 

4 0 jHttfflS 

6 0 tf R{* 
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